Objective: The present study aims to analyze the main reasons that lead to the failure of bone tuberculosis (TB) surgery and the efficacy of reoperation.
Introduction
Tuberculosis (TB), which is one of the major infectious diseases in the world today, has caused a huge threat to human health. About one third of the human population is infected with mycobacterium TB, with about 800 million new infections and up to two million deaths caused by TB each year. With the rapid growth of the global population, the acceleration of the population flow, and the human immunodeficiency virus (HIV) infection, morbidity of TB has been increasing every year [1] [2] [3] . In addition, the threat of drug-resistant TB is increasing. Various clinical resistances to first-and second-line anti-TB drugs have been observed among TB patients, and those with multi-drug resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB) are also progressive [4] [5] [6] . Lung TB accounts for the vast majority of the proportion of drug-sensitive and drug-resistant TB. Consequently, TB research has focused on lung TB, while those on bone TB are fewer. Bone TB is a chronic disease, which is difficult to treat and easy to recur, and its morbidity has increased in the past 10 years [7, 8] .
Drugs and surgery are the main treatments for bone TB. A certain recurrence rate occurs after surgery. In this study, 180 bone TB patients who underwent reoperation were studied to provide a basis for clinical treatment of bone TB.
Materials and methods

Clinical data
Of all 3,000 cases of bone TB in the First Affiliated Hospital of Xinxiang Medical College from January 2005 to December 2011, 180 cases had recurrence, of which 108 were male and 72 female. Their ages ranged from 23 to 63 years, and average age was 40 ± 10.2 years. Spinal TB was found in 135 cases and limb TB in 45 cases. Local excision, decompression, bone grafting, and internal fixation, as well as compression arthrodesis were performed as the initial surgery. This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of the First Affiliated Hospital of Xinxiang Medical University (permit number: 20060828001). Written informed consent was obtained from all participants.
Data analysis
Indicators of 180 patients with bone TB were analyzed retrospectively. These indicators included duration of anti-TB chemotherapy, nutritional conditions, body temperature, and erythrocyte sedimentation rate (ESR) before operation, as well as medication time and recurrence after operation.
Operation methods
Routine physical examination and blood, urine, and liver function tests were carried out before the surgery to learn the medical history of and causes for reoperation of the patients. Through conventional anti-TB treatment, surgery can be performed when ESR and C-reactive protein decreased. Effective preoperative communication between doctors and patients was necessary for the establishment of trust with each other. Additionally, sufficient amount of blood was essential for surgical bleeding.
Therapeutic schedules were made in accordance with the causes for reoperation and their specific conditions. Simple local excision or combined decompression, bone grafting, and internal fixation were chosen for spinal TB, whereas simple local excision or combined compression arthrodesis for limb TB. The sequestra, necrotic tissue, invaded intervertebral disc, and pus were cleared to the greatest extent. Supplementary blood was administered according to blood loss in patients during surgery.
The recovery status and supply of nutrients of patients, especially neurotrophic supply, and traits of the drainage were taken into intensive care and postoperative surveillance for timely targeted treatment.
Results
Analysis of the causes of reoperations
Causes of reoperation were complex through the analysis of patients with bone TB. Generally, selective operation was carried out after 4 weeks of anti-TB chemotherapy. Of all the patients, 72.2% received operations after 1 week of administration, 17.2% in 2 weeks, and 10.6% in 4 weeks, demonstrating that the risk of recurrence increased with shortened chemotherapy duration. Of all the patients, 85.0% were administered anti-TB chemotherapy for less than 1 year after operation, demonstrating that the risk of recurrence increased with shorter postoperative chemotherapy duration. Higher body temperature was found in 72.8% of the cases, which demonstrated that the risk of recurrence increased with a higher temperature. An accelerated ESR was found in 76.7% of the patients, thereby demonstrating that the risk of recurrence was related with an accelerated ESR (Tables 1, 2, 3, 4 ).
Long-term illness, food preference, and poor health were likely to increase the risk of recurrence. Bone destruction accounted for 8.8% of all kinds of recurrent manifestations, abscess in 74.4%, and fistula in 16.7%, demonstrating that cold abscess was more common (Tables 5 and 6 ).
Result of reoperation
A total of 180 patients underwent reoperation. The preoperative factors included careful analysis of the causes and the cautious selection of the operation time. Corrosion near the vertebral edge, annulus fibrosus in the intervertebral disc, and residual TB products in the contralateral lesion beyond direct vision were carefully removed. With reoperation, 176 cases were cured, and four paralyzed patients were symptomatically improved. 
Discussion
The recurrence of bone TB was related to many factors through the treatment of 180 recurrent patients. The anti-TB chemotherapy of quadruple or quintuple anti-TB drugs was administrated as early as possible, and efficacy was observed. Invalid anti-TB drugs should promptly be adjusted. In case of liver function damage, the dosage was timely reduced in patients with poor health, old age, and children after 5 to 7 days of treatment with high-dose anti-TB drugs [9, 10] . Surgical treatment without anti-TB chemotherapy was prohibited for extremely high risk of recurrence. Operation was recommended after 4 weeks of anti-TB treatment, which was prolonged on the condition that temperature was above 38°C and ESR was above 50 mm/h [11] . The eating habits of the persons were adjusted to a high-calorie, high-protein, high-vitamin, high-carbohydrate, and appropriate fat food. Most patients have lost their appetite for meat, and a few cases had no appetite for vegetables. More beef, lamb, pork, fish, fresh vegetables, and fruits were beneficial for the chronic wasting disease TB [12, 13] .
Emotional adjustment in patients was also important for patients with depression and irritability due to longterm illness and poverty. Patient explanation for the cause, diagnosis, treatment, and prevention of TB was significant for confidence enhancement and better cooperation among patients.
Careful analysis of the condition of patients and favorable surgical schedule were taken prior to surgery. Sequestra, invaded intervertebral disc, necrotic tissue, corrosion near the vertebral edge, unilateral local excision, contralateral abscess, gravitation abscess (if it was present), and annulus fibrosus in the intervertebral disc were all thoroughly removed without any residue. Thoroughness of the surgery is the key factor that influences the success of TB treatment [14, 15] .
In conclusion, TB is characterized by difficulty of treatment and easy recurrence, yet bone TB can be cured by initial surgery with improved success rate and targeted reoperation. Success rates were improved by the good emotional status of patients, systematic anti-TB chemotherapy and an appropriate time of surgery before operation, a thorough removal of the lesions without any sequestrum, and gravitation abscess in operation, coupled with regular as well as combined and adequate anti-TB chemotherapy after operation. 
